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Background: Raised intraocular pressure (IOP) is the only causal risk factor for glaucoma that can be therapeutically
manipulated to change the course of the disease process. Though Goldman applanation tonometry (GAT) is the
“gold standard” for IOP measurement, readings of IOP with GAT are affected by central corneal thickness (CCT). The
aim of this study is to determine the impact of CCT on IOP among Ethiopian glaucoma patients.
Methods: It was a multicenter cross-sectional study and all glaucoma patients visiting their respective eye clinic
during the study period were included. A total of 199 randomly selected glaucomatous eyes from 199 patients
aged 18 years and above were employed. The CCT was measured by OcuScanW RxP Ophthalmic Ultrasound and
IOP was measured with Goldmann applanation tonometer. Linear regression and bivariate correlation analysis were
carried out and level of significance was taken at 5%.
Results: The mean IOP was 19.46(±7.05) mmHg and mean CCT was 508.07(±33.26) μm. The mean IOP for primary
open angle glaucoma (POAG), ocular hypertension (OHT), normal tension glaucoma (NTG), pseudoexfoliative
glaucoma (PXG) and primary chronic angle closure glaucoma (PCAG) patients was 19.22 mmHg, 21.39 mmHg,
14.33 mmHg, 33.25 mmHg and 14.75 mmHg respectively. The mean CCT values were 502.24 μm (POAG),
524.32 μm (OHT), 500.75 μm (NTG), 579.00 μm (PXG) and 530.25 μm (PCAG). Age of the patient and glaucoma
surgery had an influence on corneal thickness. A positive relationship was found between CCT and IOP (p < 0.001).
Conclusions: The mean CCT of Ethiopian glaucoma patients is thin in comparison to other ethnic groups and
patients with OHT have thicker corneas than POAG patients. Hence determination of CCT for each patient is
necessary in the up-to-date glaucoma management.
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Glaucoma is the second leading cause of visual loss in
the world [1] and the third leading cause of blindness in
Ethiopia [2]. By the year 2020, it is predicted that the
number of people with open angle glaucoma and angle
closure glaucoma in Africa will be 8,359,451 and Africa
will have the highest ratio (4.39%) of glaucoma to adult
population [1]. Ethiopia, one of the highly populated
African nations, with population of 74 million [3] will
therefore have a large number of people with glaucoma.Correspondence: dryeshi@yahoo.com
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reproduction in any medium, provided the orIntraocular pressure (IOP) is a key element in the
management of glaucoma [4] and it should, therefore, be
measured using a reliable technique with high degree of
accuracy. Though Goldman applanation tonometry
(GAT) is the most widely used and current “gold standard”
for IOP measurement [4], readings of IOP made with
GAT are affected by central corneal thickness (CCT) [5].
Goldman and Schmidt felt that significant CCT variations
occurred only rarely in the absence of corneal disease and
thus assumed a "normal" CCT of 500 μm for their instru-
ment [6]. However, studies have shown that there is vari-
ation in the mean CCT among individuals with healthy
eyes [5,7], in patients with different types of glaucoma [8],
and presence of pseudo-exfoliation syndrome [5]. Severalhis is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
Table 1 Socio-demographic characteristics of the study
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increase in CCT. This small change could be clinically
significant especially in individuals predisposed to glau-
coma [9,10]. Moreover, failure to adjust IOP for CCT
variation could lead to inappropriate targeting of IOP
and setting targets very high for patients having thin-
ner corneas and very low for those with thicker
corneas.
Studies done in developed world have shown that
people of African descent had increased risk of develop-
ing glaucoma, and primary open angle glaucoma is sig-
nificantly more common, develops earlier, and is more
severe in blacks than whites. However, CCT data among
African in general and Ethiopian glaucoma patients in
particular are scare or lacking. Hence this study endea-
vored to establish the CCT among Ethiopian Glaucoma
patients with the aim of improving the management of
glaucoma and it would also serve as a catalyst for
ophthalmologists and eye-care workers in Ethiopia and
the region in mainstreaming the clinical decision-
making problem of glaucoma treatment in relation to
CCT and IOP.
Methods
A cross sectional hospital based study was conducted
among Ethiopian glaucoma patients in three eye care
settings (Jimma University Specialized Hospital, Menelik
II Hospital and Zenebework-Alert Hospital) in Ethiopia
from 26 May to 21 June 2007. All previously diagnosed
glaucoma/glaucoma suspect patients who visited their
respective eye clinic for follow up during the study
period were included in the study. The eye to be exam-
ined in each patient was selected by lottery method. The
diagnosis and classification of glaucoma patients were
done based on IOP value, presence/absence of pseu-
doexfoliation, gonioscopy, optic disc evaluation and plus
or minus visual field testing. A structured questionnaire
was used to collect data from volunteering glaucoma
patients with normal anterior segment aged 18 years and
above. Patients not willing to participate, and those with
major corneal pathology, previous intraocular (except
trabeculectomy) and or corneal surgery were excluded
from the study.
Five consecutive ultrasound pachymetry (OcuScanW
RxP Ophthalmic Ultrasound System, Alcon Laborator-
ies) measurements of CCT were obtained from the
selected eye and a mean value was then computed and
recorded in micrometers. All measurements were per-
formed under topical anesthesia (amethocaine hydro-
chloride 2%). Then, two corresponding GAT
measurements were obtained with the use of fluorescein
staining and an average value was recorded in mmHg.
The two IOP measurements were taken 15 minutes
apart to rule out any tonometric effect on the pressure.The tonometer dial was set between 1 and 2 graduation
marks of the prism and care was taken to avoid inaccur-
ate readings from inappropriate fluorescein pattern
resulting from excessive or insufficient fluorescein, and
pressure on the globe by the examiner or patient squeez-
ing the eyelids. The tonometer tip and the pachymeter
probe tip were cleaned with dry cotton followed by
swabbing the tips thoroughly with an alcohol prep pad
and allowing it to dry for 10 minutes to reduce the risk
of cross-infection.
Data were analyzed using SPSS for windows version
16.0. Linear Regression and correlation analyses were
done as required. The CCT values in each age, sex, glau-
coma type and ethnic groups were compared using t-test
and One-Way ANOVA. P-value <0.05 was taken to be
statistically significant.
This study was approved by the Research and Ethical
Clearance Committee of Jimma University and carried
out in compliance with the Helsinki Declaration (2006).
Informed consent was obtained from each study partici-
pant and confidentiality of responses was assured and
maintained.Results
A total of 199 randomly selected glaucomatous eyes
from 199 consecutively recruited patients aged 18 years
and above were included in the study. Among the
study subjects, one hundred twenty three (61.8%) were
males and 76(38.2%) were females. About sixty eight
















Std. Dev. = 33.26
N = 199
Figure 1 Distribution of CCT (μm) in the study subjects.
Gelaw BMC Ophthalmology 2012, 12:58 Page 3 of 6
http://www.biomedcentral.com/1471-2415/12/58The majority 148(74.4%) of patients had primary open
angle glaucoma (POAG) followed by ocular hypertension
(OHT) 31(15.6%) and normal tension glaucoma (NTG)
12(6%) as shown in Table 2. Sixty (30.2%) of the patients
had trabeculectomy done and the rest 139(69.8%) did
not have any surgery done. Eighty seven (43.7%) of the
patients were on combined Timolol and Pilocarpine, 72
(36.2%) on Timolol and 40(20.1%) of them were not on
treatment. Regarding other health problems 6(3%) of the
study subjects were diabetic, 8(4%) diabetic and hyper-
tensive while the rest did not have any known medical
illness.
The mean age of the study population was 59.38 years
(SD ± 12.15 years), mean IOP 19.46 mmHg (SD ±
7.05 mmHg), mean CCT 508.07 μm (SD ± 33.26 μm),
and mean duration of glaucoma 38.77 months (SD ±
50.44 months). The distribution of CCT observed in the
study subjects resembled a Gaussian curve with very
slight departure from the mean, i.e. skewed towards the
right (skewness =0.57) as shown in Figure 1.
The mean IOP in males was 19.72 mmHg (SD ±
6.98 mmHg) and in females 19.03 mmHg (SD ±
7.19 mmHg), and there was no statistically significant
difference in mean IOPs (p = 0.506, 2-tailed, Independ-
ent Student T-test).
The mean CCT in females was 512.25 μm (SD ±
35.20 μm), which was slightly higher than the mean
CCT in males 505.48 μm (SD ± 31.87 μm) but this
difference in mean CCTs was not statistically significant
(p = 0.164, 2-tailed, Independent Student T-test). The
mean CCT in patients who had trabeculectomy was
524.27 μm and those who didn’t have any surgery
was 491.87 μm (p < 0.05, 2-tailed, Independent Student
T-test).
The mean IOP for POAG patients was 19.22 mmHg
(SD ± 6.65 mmHg), and for OHT patients 21.39 mmHg
(SD ± 7.99 mmHg), NTG patients 14.33 mmHg (SD ±
2.53 mmHg), pseudoexfoliative glaucoma (PXG) patients
33.25 mmHg (SD ± 2.50 mmHg) and primary chronic
angle closure glaucoma (PCAG) patients 14.75 mmHg
(SD ± 4.11 mmHg) (Table 3).Table 2 Type of glaucoma among the study subjects
(N = 199)







†POAG: primary open angle glaucoma; ‡OHT: ocular hypertension; §NTG: normal
tension glaucoma; ¶PCAG: Primary chronic angle closure glaucoma; ΦPXG:
pseudoexfoliative glaucoma.The mean CCT for POAG patients was 502.24 μm
(SD ± 29.34 μm), and for OHT patients 524.32 μm (SD ±
36.81 μm), NTG patients 500.75 μm (SD ± 15.38 μm),
PXG patients 579.00 μm (SD ± 63.51 μm) and PCAG
patients 530.25 μm (SD ± 25.89 μm) (Table 3).
The mean CCT was slightly higher in the age group
15–30 years of age (522 ± 20.78 μm) and lower in the
age group of 76 years and above (493.00 ± 35.84 μm) as
shown in Table 4. However, this change in the mean
CCTs was not statistically significant (p > 0.05, One-Way
ANOVA).
There was a statistically significant change of CCT
with age (r = 0.050, p = 0.001) and CCT showed a decline
as age increases (Figure 2).
This study revealed a statistically significant linear re-
lationship between CCT and IOP as per the linear re-
gression analysis(r = 0.031, p = 0.013). Furthermore, in a
Bivariate correlation analysis, it was found that the CCT
was correlated linearly with intraocular pressure values
(ρ =0.175, p < 0.05) as shown in Figure 3.Table 3 Mean IOPs and CCTs versus type of glaucoma
among the study subjects




PCAG ¶ 14.75 530.25
PXGΦ 33.25 579.00
†POAG: primary open angle glaucoma; ‡OHT: ocular hypertension; §NTG: normal
tension glaucoma; ¶PCAG: Primary chronic angle closure glaucoma; ΦPXG:
pseudoexfoliative glaucoma.
Table 4 Central corneal thickness versus grouped-age
distribution (N = 199)
Age
(years)
Central Corneal thickness (μm)
N (%) Mean SD
15-30 4(2.00) 522.00 20.78
31-45 26(13.10) 504.54 27.33
46-60 76(38.20) 516.57 35.37
61-75 78(39.20) 503.14 31.27
≥76 15(7.50) 493.00 35.84
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surgery (r = 0.031, p = 0.013) were also showed statisti-
cally significant relationship with CCT (Figure 2).
Ethnicity (r = 0.016, p = 0.076), sex (r = 0.010, p =
0.164), glaucoma type (r = 0.003, p = 0.465), duration of
glaucoma (r = 0.000, p = 0.778), and presence of pseudo-
exfoliation (r = 0.000, p = 0.884) showed no statistically
significant relationship with CCT. Similarly, there was
no statistically significant relationship between IOP and
age, sex, ethnicity, and presence of pseudo-exfoliation
within these study subjects (p > 0.05). However, type of
glaucoma (r = 0.033, p = 0.010), and duration of glau-
coma (r = 0.040, p = 0.005) showed statistically signifi-
cant relationship with IOP.
Discussion
Besides optic disc evaluation and visual field testing, the
diagnosis of ocular hypertension, primary glaucoma and
normal-tension glaucoma is based on an arbitrary IOP
cutoff point of 21 mmHg [11]. This cutoff is made on
the basis of statistical grounds, principally for screening














Figure 2 Relation between CCT (μm) and the age (years) in the
study subjects.nevertheless in clinical use and any factor that changes
the estimates of IOP can lead to a misclassification of
the patient or predisposed individuals [12].
In this study it was found that the mean CCT and IOP
among Ethiopian glaucoma patients were 508.07 μm and
19.46 mmHg respectively. This study also showed a sta-
tistically significant association between CCT and IOP.
Furthermore, CCT was correlated linearly with IOP
values (ρ =0.271, p < 0.001). In this study IOP was
manipulated with surgery or medication in some, and
not in others, and hence this result should be inter-
preted cautiously as correlation between baseline un-
treated IOPs and CCT is much more sensible. Moreover,
there is a very large scatter of values; it is, therefore, not
possible to apply a “linear wisdom” from this mathemat-
ical linear correlation.
Though the mean CCT of this study is significantly
lower than the reported mean CCT of whites, it is in
agreement with studies done among Africans and
African-Americans [4,7,11,13-18] which reported thin-
ner CCT. For example, studies done on healthy eyes of
Ethiopians [17] and Sudanese [18] found a mean CCT of
518.68 ± 32.92 μm and 530.2 ± 58.1 μm respectively
while the Ocular Hypertension Treatment Study
(OHTS) [4] reported thinner corneas among African-
American subjects with mean CCT of 555.7 ± 40.0 μm
as compared to Caucasians with mean CCT of 573 ±
39 μm. This concurs with the findings of La Rosa F [7],
Muir KW [15], Aghaian E [16].
OHTS also found that CCT is a risk factor for glau-
coma and a strong predictor for progression from ocular
hypertension to glaucoma [4]. Studies done in developed
world have shown POAG is more severe in blacks than
whites [19]. The thin CCT in this study population will,
therefore, compound the risk of vision loss from
glaucoma.
In this study, it was found that the mean CCT of PXG,
OHT and PCAG patients is higher as compared to
POAG and NTG patients and this is in accordance with
previous studies [8,20-22] which reported that patients
with OHT and PXG have thicker CCT than those with
NTG and POAG. However, this comparison should not
be over emphasized as the number of PXG and PACG
eyes was small compared to other diagnosis groups, and
this is the drawback of this study.
In this study, it was also found that patients who had
trabeculectomy had thicker cornea than those who did
not have any surgery. This might indicate that incisional
surgeries or intraocular operations contribute to the
higher readings possibly due to endothelial cell loss with
subsequent altered hydration [23]. The endothelium
does, however, have the capacity to remodel itself with a
more stable configuration from three months post op-
erative period and onwards. Knowing how old the













IOP = 0.55 + 0.04 * CCT
R-Square = 0.03
Figure 3 Relation between CCT (μm) and IOP (mmHg) in the study subjects.
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ter. But this parameter was not entertained in this study.
Since PXG and PACG patients tend to require trabecu-
lectomy more often than other types of glaucoma, one
could also attribute the thicker CCT findings among
patients who had trabeculectomy to their initial thick
CCT. This is, however, not the case in this study as
patients with PXG and PACG accounted only 4% but
those who had trabeculectomy were 30%. Another possi-
bility is that even among the POAG patients those with
higher CCT are expected to have initially presented with
higher untreated IOP, and this higher IOP may have
influenced the clinical decision making between medica-
tion and surgery. Comparison between CCT values be-
fore and after surgery could have been more
informative, but none of the study patients had a prior
record of CCT.
Though previous studies [24] done among whites sug-
gest that there is no considerable change in CCT after
infancy, this study demonstrated a statistically significant
change of CCT with age and there was a decline of CCT
as age increases. This finding is in agreement with stud-
ies [17,25,26] done among non-whites which showed a
significant reduction of CCT with age.
Conclusions
The mean CCT of Ethiopian glaucoma patients was
found to be thinner as compared to Caucasians and the
linear relationship between CCT and IOP was statisti-
cally significant. Patients with OHT and PXG hadthicker corneas and higher IOPs than POAG and NTG
patients. Age of the patient and glaucoma surgery had
an influence on corneal thickness.
Determination of the CCT and categorization of cor-
neas of glaucoma patients as thin, average, or thick are,
thus, relevant since CCT has an influence on GAT
values of IOP, which is the main parameter in the diag-
nosis, treatment and follow-up of glaucoma. A pachy-
meter is, thus, necessary in the up-to-date glaucoma
management. In cases where pachymeter is not available,
other factors such as optic disc, visual field, etc. should
be considered and not only the IOP value itself.
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